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An atoniizcr(5) for atomizing n 
liquid has a gas chamber (15) adapted 
10 be connected to a supply of gas and 
a liquid chamber (30) adapted to be 
connected to a source of liquid. A 
mixing tube (38) extends from the gas 
chamber (15) in a downstream direc- 
tion, and atomizing gas Hows through 
the lube (38) at subsonic speed. A liq- 
uid conduit (32) fluidly connects the 
liquid chamber (30) with the mixing 
tube (38) so that liquid from the con- 
duit (32) can be entrained in the gas 
flow for discharging a mixmre of gas 
and pan i ally atomized liquid from the 
tube (38). The mixture then flows 
through an exit gap (65) to the exterior 
of the housing (10). Tlie exit gap (65) 
has several successive shear steps (45) 
which contact the mixture as it flows 
through the gap (65) to thereby sub- 
stantially fully atomize the liquid as it 
is being discharged from the atomizer 
t5). The atomizer (5) peimits varia- 
tions in the liquid How rate and there- 
with variations in the rate at which at- 
omized liquid IS discharged Irom the 
atomizer (5) by modulating ihc rate 
at which the liquid is entrained in the 
gas streams while maintaining ihe gas 
stream flow rate and pressure substantially con.':tant. 
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LOW PRESSLRE DUAL FLl ID ATOMIZER 

FIELD OF rW'ENTlON 
The preseni invention relates to a dual fluid atomizer which uses a low 
pressure gas lo break up ihe surface tension in a liquid and produce a fuieiy atomized 
liquid spray. 

DESCRIPTION. OF PRJOR ART 
There arc many industrial applications where a finely atomized liquid is 
required in a process. Atomized water is used for such processes as evaporative cooling, 
lire lighting, and even in the manufacture of snow; aiomized oil is used in combustion 
systems; and other liquid chemicals can be aiomized to enhance various processes, such 
as spray drying. 

in the past, ihc alomization of a liquid has been achieved in two ways. 
The first is by pressure atomization where the liquid is pumped under high pressure 
through a single fluid nozzle. In such a nozzle, the pressure energy is used to break up 
the surface tension in the liquid by centrifugal force or by passing the fluid over a shear 
surface. Sometimes both centrifugal force and shear surfaces are used. Such nozzles use 
fluid pressures approaching 1000 PSIG. and the atomization achieved is of inconsistent 
quality. In addition, the turndown ratio of these nozzles ~ which is the ratio between the 
maximum nozzle capacity div ided by the minimum nozzle capacity in which useful 
atomization is achieved ~ is limited to approximately 4: 1, 

fhe second method for atomizing a liquid is lo augment and enhance the 
atomization process by mixing a gas with the liquid in a nozzle and use the expansion of 
the gas as well as a shear sitrfacc in the nozzle to achieve the desired atomization. In 
most dual fluid nozzle designs, the liquid and gas are separately piped to the nozzle tip 
where they are mixed. The mixed fluids are directed to an exit port where there is a shear 
surface to help break up the fluid tension in the liquid as the mixture exits the nozzle. 
The nnxture of gas and liquid achieves turther atomization as the gas in the mixture 
expands when it leaves the nozzle exit port. 



V 
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Such dual lluiJ no/c/.lcs lypically use gas and liquid pressures between UMI 
PSICs and 125 PSIG at full capacil>. The yas pressure can he modulaicd as ihe liquid 
pressure i> adjusled ox er ihc lurndown range. As a rule, increasing ilic iiiis pressure n\ 
relation to the liquid pressure will decrease the hquid flow rate and lesuli in liner 
5 aioniizaiion. while increasing the liquid pressure in relation lo the gas pressure will 

increase the licjuid flow rate and result in coarser atomization. These dual lluid nozzles 
peniiit limited turndowns. with the exceptional units achieving turndown ratios of aboul 

Many of the dual fluid nozzles used, in combustion processes in boilers use 

ID steam as the atomizing gas. fhese atomizers are designed to minimize the volume of gas 
required to atomize the liquid because the steam used camiol be recovered in the 
condensate return system. Since the steam is available at boiler pressure, there is no 
appreciable penalty for the required, relatively high gas pressure. 

When steam is not available, dual fluid atomizers have to use compressed 

1 5 air (or other gas) as the atomizing gas. The design philosophy used in air-atomized 

nozzles has also been to minimize the amount of air (volume) and use the higher pressure 
(100 PSIG to 125 PSIG). Air compressors required for such nozzles arc expensive to 
purchase and require costly amiual maintenance. 

\ varietv of dual fluid atomizer designs are known. For instance, U.S. 

20 patents 3.240,253 and 3,240,254 issued to Hughes show several dual fluid atomizers 

which accelerate the gas to above sonic velocity, and a portion of the gas stream is turned 
back against the supersonic nozzle fonning a pressure wave lhat enhances atomization of 
the injected liquid. The patents disclose several options for injecting the liquid into the 
supersonic gas nozzle and the pressure wave. In U.S. patent 3,240,253. l lughes leaches 

25 that the lowest atomized mean droplet size is achieved at an input air pressure of 99.7 
PSIG. 

U.S. patent 4.356,970 issued to Vosper ct al. shows designs for dual fluid 
atomizers wliich use minimal gas volumes lo atomize the liquid. The atomizers are for 
burners used in boilers which have the objective of using only about one-third of ihc gas 
30 volume used in earlier atomizers, and they employ gas pressures over 100 PSIG. 

.Ajiother atomizer is disclosed in U.S. patent 4.362.274 issued to Davis. 
This atomizer uses a high pressure atomizing gas lo simultaneously aiomize a 
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convcniional hiuli cnciyy liquid iUel and a waste uiel. Tlic atomizer is intended lor use in 
incinciator burners and also requires high gas pressure. 

L\S. patents 4.89.V '52. 5XC5.^)S9. 5. 1 and Rc. :^4.5S6 issued to 
Spiiik ei a!, dcseribe several dual rluid atomiz-ers. All of them use hiyh pressure gas (lOu 
PSIG to 125 PSIG) to aiomi/e a liquid Tor various processes. These patents all are lor 
atomizers that mix the atomizing gas in the nozzle lip with a liquid, so that the mixture 
can exit the nozzle cap in different directions and use the expansion of the gas to atomize 
the liquid. In all nozzles, the gas pressure is close to the liquid pressure, and the 
atomizers use relatively lower gas volumes to achieve the desired atomization.. 

U.S. patent 5,553,784 issued to Theurer discloses another high pressure 
dual fluid atomizer. In this atomizer, a liquid and gas enter a mixing chamber where they 
mix prior to entering a tapered exit port. The exit port has a tapered pintei with an impact 
plate on the end which at least partially diverts the mixture flow and acts as a shear 
surface at the nozzle outlet. This atomizer design uses low volume gas at high pressure to 
atomize the liquid as it iexits the nozzle. 

Thus, the patents discussed above are for atomizers which attempt to 
minimize the volume of atomizing gas that is needed and maintain the pressure of the gas 
close to the pressure of the liquid. In each case, to change the output of the atomizer the 
atomizing gas pressure and the liquid pressure are modulated over the turndown ranue. In 

* 

each case, the atomizers require high pressure air (or other gas) compressors to generate 
the needed atomizing gas. Producing high pressure gas is expensive, and costs increase 
with increasing pressures. 

In addition, prior art atomizers, particularly those which generate a 
uniformly fine dispersion of liquid particles or droplets suspended in the air (or other 
gas), rely primarily on the energy of the high pressure gas to effect atomization of the 
liquid. Wlien it is lime to reduce the rate at which the liquid is atomized, it is necessaiy to 
approximately proportionally reduce the air flow and liquid flow rates because, in order to 
function, the liquid pressure must at all limes exceed the gas pressure where the two are 
mixed. A reduction of the air flow rale, however, immediately and drastically reduces the 
aiomization efficiency. .As a result, atomizers using high pressure air as the primary 
atomizing agent have limited turndown ratios. 
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Tims, ihcrc is a need tor a new ami praciical dual lluiii aiomi/er which 
does not have liie deficiencies described above and which impro\ es perlbrniance while 
reducing opcraiing cosis. 

5 Sl.'MMARV OF THE INX ENTION 

The prescni invcniion is a low pressure dual lliiid aiomizcr which uses an 
aioniizinu gas pressure of less than about 30 PSIG combined wilh a rehilively larger 
volume of atomizing gas lo provide the energy needed lor aionuzaiion. As a result of the 
reduced gas pressure, the generation of the atomizing gas uses less than half the power lo 
10 compress il as compared to the prior art nozzles even though it uses a relatively larger 

amount (voliune) of gas. 

The low pressure dual tluid atomizer of the present invention initially 

entrains the liquid in the compressed air which flows at subsonic speeds, resulting in only 

a partial atomizaiion of the liquid in the mixture. To attain full homogeneous 
1 5 atomization, it employs a resonator to force the mixture back on itself so that atomization 

is continued by the shear forces created when two opposing streams impact on each other. 

To continue the aiomizalion of the liquid in the mixture, the mixture passes over and is 

contacted by a series of successive shear steps prior to exiting the nozzle outlet. 

Additional atomizaiion results from the expansion of the atomizing gas after it leaves the 
20 nozzle outlet. 

advantageous characteristic of the new low pressure dual tluid 
atomizer is the independence of the atomizing gas and liquid pressures. During normal 
operation, the nozzle uses a constant atomizing air pressure, prclerabl\* set, maintained 
and fixed at a pressiu c in the range of about 15 PSIG to 25 PSIG. The liquid pressure. 

25 however, can be modulated over a wide range, for example from a high of about 70 PSIG 
down to a minimum pressure just slightly above the air pressure at the point where the 
liquid is entrained in die gas flow. This atomizer has been operated and exhibited stable 
operation over a turndown ratio of up lo 50:1 when tested in a horizontal position. 

Generally speaking, an atomizer for atomizing a liquid in accordance wilh 

3(1 the invention has a gas chamber adapted to be connected lo a supply of gas and a liquid 
chamber adapted to be connected to a source of liquid. A mixing tube extends from the 
gas chamber in a downstream direction and tcnninaies at an outlet. A liquid conduit 
lluidK connects the liquid chamber wilh the mixing tube so that liquid from the conduit 
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can 1)0 cmraineil in tiie eas How lor disclKugina a mi.xtiii c of gas and panially atomized 
iiqiiid Iron) the lube, i lic niixiuic then flows tluougli an exit slot or gap lo ihc excciior of 
ilic housing. The exit gap has se\ cral successive shear slops wliich contaci ihe niixiure as 
ii Hows ilirough the gap to thereby substantially fully atomi/c the Hquid as ii i.s being 
discharged Jiom ilie atomizer. 

Tlic initial mixture discharged from iloc acceleration tube of the atomizer is 
tiirilier directed towards a resonant cavity that is aUgned with the acceleration tube and 
spaced tlierefiom by an intervening atomizing chamber which in turn fluidlv 
communicates with the exit gap. The mixture reflected in the resonant cavitv turns on 
itself, so to speak, impacts with additional mixture discharged from the mixing tube, and 
thereby causes turbulent flow in the atomizing chamber which causes additional 
aioniization of the liquid droplets in the mixture. 

The prcscnl invention also inckides a method for atomizing a liquid while 
permitting variations in the liquid flow rate and therewith variations in the rate at which 
atomized liquid is discharged from the atomizer. The method involves foiming a 
plurality of subsonic, separate gas streams which have a substantially constant subsonic 
flow rale and a substantially constant pressure. The liquid is entrained in each gas stream 
to form the gas/liquid mixture in which the liquid is only partially atomized. The separate 
mixture streams are turbulently intenningled in the atomizing chamber, to further atomize 
the liquid droplets, and the intermingled mixture is then directed to the exterior via the 
exit gap by contacting the mixture with a plurality of serially arranged shear steps lo 
further atomize the liquid at the time it is discharged. Finally, the rate at which the liquid 
is entrained in the gas streams is modulated, while the gas stream How rale and ihe gas 
pressure are maintained substantially constant to thereby corresponding!)- vary the rate at 
which atomized liquid is discharged from the atomizer. 

To maintain low operating costs, primarily by minimizing pressure drops 
of the pressurized gas as it flows through the atomizer, the mixing tube is constructed in 
two sections. An upstream section, which communicates the gas chamber, is 
frusloconicaL converges in a downstream direction, and connects to a mixing seciion of 
the lube, where the gas flow rate is at a maximum. Liquid from the liquid chamber is 
entrained in the gas flow through the mixing section of the tube, preferably by flowing the 
liquid into the mixing seciion at an obliqucangle that docs not exceed approximately 35-. 
Further, there are preferably a mullipliciiy, i.e. more than two. of acceleration lubes which 
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arc ai raiiucd side bv side aiul wi^ich open inio a common aioniizing chamber lhai oxlends 
over iiari or ihe eniirc circum fercnce of liic lunisinti. and the exit gap lor the niixtiire is 
circimuerciniallv coextensive with ilie atomizing clianibcr. 

1 liis arrangemem minimizes pressure drops and. ilicreforo. saves power 
5 and cosi lor ucneraiin's ihe needed prcssuri/ed air, 

F.ven though the pressurized air used in the, atomizer oi the present 
invention lias a pressure insufficient to fully atomize the Uquid when it is first entrained, 
complete, homogenous aioniizaiion is attaiincd because the mixture successively passes 
ihroueh the atomizing chamber, is at least partially refiected in the resonant cavity, is 
1 0 subject to the earlier mentioned turbulence in the atomizing chamber, and then flows over 
the shear steps in the exit gap to the exterior of the housing, hi tlie process, the liquid 
droplets, and especially the larger ones, are subjected to repeated impact and shear, all of 
which combine to effect a fine and uniform atomization of the liquid. Since the speed (or 
pressure) of the atomizing air is not the primary cause for the atomization of the Uquid, 
1 5 the air pressure can be maintained low . This in turn enables an operation of the atomizer 
at relatively high or low liquid pressures. The only requirement is that the liquid pressure 
exceed the air pressure at the point where they are mixed so that the liquid can be injected 
into the air flow. The atomized liquid output of the atomizer can therefore be reduced by 
simply reducing the liquid pressure until the desired, lower flow rate is attained. For each 
20 specifically set atomizing gas inlet pressure, there Is a specific atomizing gas pressure at 
the exit of the acceleration tube or point of enirainment of the liquid. The atomizing gas 
pressure at the point of entrainment is typically 5 to 10 PSIG below the atomizing gas 
inlet gauge pressure. Thus, the atomizer of the invention can be operated with liquid 
pressures over a range from. say. a high of about 70 PSlG at full capacity down to just 
25 above the air pressure at the point of entraiiuncnt at the lowest nozzle capacity. Since the 
atomizer can be operated with a gas supply pressure as low as 12 PSIG (although 
typically it will lie in the range of between 1 5 to 25 PSIG). and the gas pressure at the 
point of entrainment is a constant base pressure for supplying liquid to the atomizer, the 
atomizer can use liquid pressures which amount to a very low differential above the base 
30 pressure and. therefore, make turndown ratios of up to 50: 1 possible. 

In contrast, prior art dual fluid atomizers relying on supersonic air speeds 
and correspondingly high air pressures require a minimum liquid pressure which exceeds 
the air pressure of 100 PSIG or more. Since air pressures could not be greatly reduced in 
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prior an aioniizcrs wiihoiu compronusing aioiniziiiion uricciixuicss. and since ii is 
nnpraciical. difficuli and relatively expensive lo use cxccssix ely liigh liquid pressures 
during normal or maximum capacity operation of the atomizer, the prior art dual llnid 
atomizers had the earlier mentioned limited turndown ratio, a shortcoming that is 
effectively and inexpensively overcome by the atomizer of the present inv ention. 

In most cases, the low pressure dual fluid atomizer can have a spray 
pattern over a specific sector such as a 180^ arc, or a 90^ arc. Because each feed hole for 
the liquid is directed into a specific feed hole for the atomizing gas, the atomizer directs 
atomizing gas and liquid to a designated sector only. 

The low pressure dual fluid atomizer of the invention can also deliver 
different conical spray angles for differing applications. The atomizer has one or more 
discharge slots where the atomized mixture ofgas and liquid particles exits from the 
nozzle. The conical spray pattern typically is a cone with a designed included angle that 
is bisected by the centeriine of the low pressure dual fluid atomizer. The atomizer can 
have an included cone angle in the range between 30'' and 1 80*". 

The atomizer of the invention is preferably made from stainless steel for 
most applications. It can also be used in an environment where the atomizer can be 
subjected to chemical attack. In such cases, it can be made from materials such as monel 
and haslalloy. The special design considerations that make the low pressure dual fluid 
atomizer perfomi as designed also make it possible to fabricate the atomizer from exotic 
materials. 

In the event the low pressure dual fluid atomizer is used to atomize a liquid 
which has suspended solid particles, the atomizer can be fabricated from ceramics which 
are exceptionally hard and will significantly reduce any wear on the atomizer impact or 
shear surfaces. 

The atomizer is more efficient and has a significantly larger lunidown ratio 
than prior ail atomizers. It also overcomes the disadvantages of prior atomizers, and it is 
versatile, which allows its use to be in a large number of atomizer applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of the low pressure dual fluid atomizer of 
the present invention; 

FIG. 2 is a cross-sectional view taken along lines A-A of FIG. 1 : 
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riG. ? is a cross-scciional view lakcn alony lines B-B ot FIG. I: 
FIG. 4 is a back ciul view ol'lhe low pressure dual iluid atomiser: 
MG. 5 is a cross-seciional view of ihe hisih capacity version o\\hc low 

pressure dual Iluid alomi^cr: 

FIG. 6 is a detail "rV* of FIG. 5 which shows the enlarged details ol ihc gas 

and fluid mixer. Ihe resonator cavity and atomizer discharge system: 

FIG. 7 is a back end view of the high capacity dual Iluid atomizer; 
FIG. S is a plan view of the atomizer lance 90" end tilting with the 

atomizing gas crossover feature; and 

FIG. 9 is a horizontal cross-section of the atomizer lance 90^'' end lilting 

with the atomizer gas crossover feature. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to FIGs. 1-4, the low pressure dual fluid atomizer 5 of the 
iTivcmion has an atomizer housing or body 10 with a front face 1 1 and a bacl< end 12 
where pressurized gas and liquid arc introduced into the atomizer body 10. A gas supply 
tube (iiot shown) is concentric to a liquid supply tube (not shown) and has threads which 
engage gas lube threads 13 located on an inside surface 1 7 of an outer wall 1 6 of a 

concentric gas chamber 15. 

The gas supply pressure to the concentric gas supply chamber 15 is 
typically between about 12 PSIG and about 25 PSIG. In a presently preferred 
embodiment, it is between 15 PSIG and 25 PSIG. The atomizing gas flows from tlie 
concentric gas chamber into large ends 18 of a multiplicity of conical, downstream 
converain" acceleration lubes 19 w here the atomizing gas converts pari of its pressure 
energy into increasing velocity prior to exiling the acceleration tubes at small ends 20 
. thereof and entering contingent, constant diameter mixing lubcs 38. Al the end ol 
acceleration tube 19. the atomizing gas has attained a velocity which is jusl below the 
speed of sound for the particular atomizing gas being used. The low pressure dual fluid 
atomizer 5 is designed so that the atomizing gas does not exceed the speed of sound, i.e. 
the gas now IS subsonic al all limes, in ordcM to keep the atomizing gas pressure os low as 

possible and save power. 

Liquid to be atomized is entrained in the atomizing gas exiting in mixing 
tube 3S where the two form a mixture of gas and non-uniform liquid droplets. The liquid 
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lo be atoini/c-d enters ihc back end 12 ofmomizor bod>- 1 U throu5:li a liquid supply lube 
(not shown) whicli is arranged at the center ofUic gas supply tube inpt shown). The 
liquid supply tube slides inside an iiuier wall 21 of ihc concentric gas supply chamber 15. 
The liquid suppl\ tube end (not shown) tbrnis a liquid-tight seal with u shoulder 22 
machined into the inner wall 2 1 of the conceiitric gas supply chamber 1 5. Liquid from 
iho liquid supply tube enters a liquid supply chamber 30 which is aligned with the axis of 
the housing and is separated from concentric gas supply chamber 1 5 by a wall 35. V\'all 
35 prevents a premature mixing of gas and liquid. 

Liquid is typically supplied at a pressure of between about 50 PSIG and 
about 100 PSIG dependijig on the application of the atomizer system. The liquid supply 
is nomially limited to fluids with a viscosity less than about 400 SSU and can include 
solids suspended in a colloidal suspension, f rom the supply chamber 30. the liquid Hows 
and accelerates through a muUipliciiy of liquid supply ports or conduits 32 into mixing 
tube 38 located downstream of acceleration tube 19. 

One liquid supply port 32 is typically provided for each of the gas 
acceleration tubes 19. The liquid supply port 32 is positioned at an angle lo mixing tube 
38 so that the momentum of the liquid entering the mixing tube is almost in the same 
direction as the atomizing gas stream to reduce pressure losses in the atomizer. The angle 
between the liquid supply ports 32 and the mixing tube 38 should normally not be greater 
than 35°. The atomizer becomes more efficient as the angle between the liquid supply 
ports 32 and the mixing tube 38 becomes smaller, and the minimum angle is nonnally a 
fimction of the geometry and material of the atomizer. 

As the liquid and gas mix in mixing lube 38, the energy of the atomizing 
gas accelerates the liquid stream lo an average gas/liquid velocity. The atomizing gas 
velocity in turn decreases unlil it reaches the average gas/liquid velocity. In developing a 
low pressure atomizer in accordance with the invention, the needed gas volume is 
increased as the gas pressure is decreased to niaintain tlie required momentum in the gas 
to cffccii\ ely entrain the liquid in the gas and ultimately achieve the desired atomization. 
The mass of the atomizing gas is ix pically approximately one-fifth of the mass of the 
liquid lo be atomized at full capacity. Thus, with the present invention, gas.'liquid 
mixtures have a mass (comprising air and water) of no more than about 3 lbs.cufi and . 
typically it will be as low as 1.1 1 Ibs/cufi at the nozzle inlci. Prior art atomizers using 
high atomizing gas pressures use atomizing gas which is approximately one-twentieth the 
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iiKiss of ihc iiquid a> be aiomizal al full capacuy. In such a case, llic uas liquitl mass ( for 
air and water) is aboui 11 . 1 S7 pounds per cubic li. ai ihe noz/ie inlci. These prior art 
hiiiiier pressure aiomi/ers wasie subsianiial amounis of ihe energy ni ihe aiomi/uiii gas 
' iliroueh the limiiaiions of ihe dvnamics of compressible How as ii mixes with ihc liquid 

5 eomponenu The relatively low yas pressure required hy the atomizer of ibe presenl 
invention combined with higher gas vohime can be obtained from lower cost and more 
efficient compressors or blowers, even though it uses relatively higher gas voUmics, 
thereby signitkanlly reducing the operatmg cost of the atomizer. 

From mixing tube 3S, the gas/liquid mixture enters and starts lo expand in 

1 0 an atomizing chamber 40. The atomizing chamber 40 is a ring or aruiulus that 

communicates with and inrercoiinects all mixing tubes 38 where the gas Hows from the 
lubes intenningle. The atomizing chamber has an inner wall 41 which has a diameter 
which is approximately .080 inches smaller than the diameter of a circle which is tangent 
10 an inside wall 39 of the mixing tube 38. The inner wall 41 can be smooth (not shown) 

1 5 or it can be a scalloped wall 42 as show n in FIG. 2. Each scalloped cut 43 of wall 42 is 

CO located with a mixing lube 38. 

The front face 1 1 of atomizer body 10 has a pin 14 which projects from its 
center. An atomizer face plate 50 has a centerline hole 5 1 that fits over pin 1 4. The face 
plate 50 and the front face 1 1 also have holes in their mating surface where a locating pin 
20 53 is installed. The face plate 50 is pennancntly fastened to the atomizer body 10 front 

face 1 1 by a weld 54. 

The face plate 50 fonns an inner wall 41 and an impact surface 55 of 
atomizing chamber 40. Opposite the atomizing chamber from each mixing tube 38, and 
on the same pitch circle as the mixing tube, is a resonator cavity 60. Optimal results are 
25 obtained when the distance from outlet 37 of the mixing tube to the inlet 61 to the 

resonator cavitv 60 is between about .75 to about 1.25 limes the diameter of the mixing 
tube: the diameter of the resonator cavity 60 is equal to the diameter of the mixing lube: 
and the depth of the resonator cavity is about .75 to about 1.25 limes the diameter of the 
mi.xint! tube. 

3(1 The pcripheiy of atomizing chamber 40 is open and in fluid 

communication with an atomizer exit slot or gap 65 tiiat is circumfcrcntially coextensi\ e 
with ilie chamber. Exit slot 65 is located bem-cen opposing walls each of which has 
several, serially arranged, opposing shear stcp.«; 45 that project into the slot. The front 
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face 1 1 of ihe nionii/.or body in and a back side 52 of face plaie 50 form the walls 
bordering ihc exii sloi. The shear steps 45, 56 each have a displacenient 46 parallel to the 
aiomi/.er body Hi cemerline and a displacement 47 pcipendicular to ihc atomiser body 10 
cenierime. The ratio between the displacemen! 46 parallel to the cemerline and the 
displacement 4:^ perpendicular to the cemerline establishes the spray angle of the 
aiomized liquid leaving atomizer body 10. The low pressure dual lluid atomizer is 
capable of pro\ iding aiomized liquid with an included spray angle of between about 30^ 
10 about 180". 

In use. the gas/liquid mixture exits from the mixing lube 38 and enters the 
atomizing chamber 40. As the gas. liquid mixture enters the atomizing chamber 40, a 
portion of the flow expands and flows towards impact surface 55. The remainini 
gas/liquid mixture enters the resonator cavity 60 and proceeds to the back end 62 thereof 
where it is reflected back against the incoming flow. The reflected gas/liquid mixture 
creates an intense shearing effect which breaks up the surface tension of the liquid and 
causes further atomization, especially of the larger liquid droplets in the mixture. The 
aiTOws 48 in FIG. 6 show the flow pattern in the atomizing chamber 40. The original 
mixture flow from the mixing tube, the reflected mixture from Ihc resonant cavity, and 
the mixture flowing off impact surface 55 generate intense turbulence in the atomizing 
chamber which causes further atomization of the droplets in the mixture before it enters 
exit slot 65. 

hi exit slot 65. the gas/liquid streams pass over shear steps 45, 56 where 
the sharp step edges 58 continue to further break down the surface tension of the liquid at 
the boundary layer, thereby further reducing and homogenizing the particle or droplet size 
of the atomized liquid. 

There are several ailernalive embodiments of the low pressure dual fluid 
atomizer adapted for specific applications. In the embodiment discussed above, the 
atomized liquid exits from the exit slot in an even and symmetrical pattern. Due to die 
design of the process vessel in which the atomizer is used or limitation on the atomizer 
mounting system, non-syntmetrical spray patterns for the atomized liquid are at times 
needed. This can be achieved in several ways. In one approach, the diameter of the 
liquid supply ports 32 is changed, or dual liquid supply ports are used to feed the liquid 
into the mixing lubes in specified sectors of the atomizer body 10. This can be employed 
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lo increase or decrease llie ;uonii/cd iK|uid llow in one or more specific sectors ol the 
spra\ paliem. 

AiKV.her npproacii lo alter ilic aioini/er spray paitern is to block olf one or 
more sectors ol llie atomizer Inxn 10. In such a case, liie acceleration tubes i^) and the 
r re.specii\ e liquid siippK ports 52 over the corresponding sector ol Uie no/zle arc 

eliminated so that alomi/.ed licjuid ilows from only the portion ofihc exit slot t»5 whore 
the acceleration tubes 19 and the liquid supply ports 32 remain. 

In another embodiment, selected liquid supply pons 32 which are 
connected to the mixing tube 3S can be eliminated so that the atomizing gas iVom these 
1 11 mixing tubes enters resonator cavity 60 without llrst mixing with the liquid. This can be 
used lo provide discontinuities in the atomizer spray pattern, which is desirable for some 
combustion applications. This embodiment can improve atomization at the boundaiy of 
spray sectors, a feature which is desirable for some applications. 

In one industrial application, the atomizer 5 shown in FIGs. 1-4 is 
1 5 dimensioned for a maximum liquid flow capacity of about 30 GPM. To increase the 
capacity of this atomizer above 30 GP.Vl. one or more additional exit slots 65 can be 
provided. Each has its own respective gas acceleration tubes 19. liquid supply ports 32, 
mixing tubes 38 and atomizing chambers 40 as is shown in FIGs. 5-7. In the case of the 
higher capacity atomizer 70 shown in FIG. 5. there arc two exit slots 65 which are axially 
20 displaced from each other along the centcrline of the atomizer. The higher capacity 
atomizer 70 has an outer gas supply lube 73 with an external thread that etigagcs the 
threads 1 3 on the inside surface 1 7 of a high capacity atomizer body 72. Concentric to 
and inside the gas supply lube 73 is an outer liquid supply tube 77 which has a sliding fu 
. against the inside wall S 1 of the outer conccmric gas supply chamber SO. A liquid-tight 
25 seal is maintained between the outer concentric gas supply and ihe liquid by the force 
pushing the outer liquid .supply tube 77 against the seating suriace S2. The high capacity 
atomizer 70 has a second gas supply system whicii is inside and concentric to the liquid 
supply system. An inner liquid supi)ly tube S5 has a sliding fit against an outside wall 
of the imicr concentric gas supply chamber S6. A liquid-tight seal is maintained beiween 
the inner concentric gas supply and the liquid by the force pushing the inner liquid supply 

tube S5 against the seating surface 88. 

As shown in FIG. 6. atomizing air from outer concentric gas supply 
. chamber SO and inner concentric gas supply chamber SO enters a number of gas 
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accclcmiion tubes lw where its volociiy is increased prior to enlering mixing tube 3S. Ai 
liie same linie. liquid enters from the back of aiomi/er body 72 between the outer liquid 
supply lube and ilk- iiuier liquid supply lube S5 where it enters the concentric liquid 
supply eas ily ^)(). The liquid supply cavity 00 provides the aiojnizing liquid lo the mixing 
tubes ."^S liiroueh the liquid supply ports 32 at each mixing tube location. 

In order to maintain the integrity of atomizer body 72. the resonator 
cavities 60. w hich match the location of the respective mixing lubes, are drilled into an 
outer resonator ring 93 and an inner resonator ring 97. The outer resonator ring 93 is 
welded lo the atomizer body with a weld 94 and contains the shear steps 56 for exit slot 
65. The inner resonator ring 97 is welded to the high capacity atomiser body with a weld 
95 and contains the shear steps 56 for its exit slot 65. 

High capacity atomizer 70 functions the same way as the dual fluid 
atomizer. It operates at the same gas and liquid pressures except that the increase in the 
overall number of mixing tubes 38 enables it to achieve higher atomized fluid flow rates. 

In most applications, the coaxial gas supply tube and the liquid supply tube 
are straight as they enter their respective locations on the back of lite atomizer body 10. 
This is also true of the high capacity atomizer 70. However, some applications require 
that the coaxial supply tubes, which also mount the atomizer in its operative position, 
prescribe an angle upstream of the atomizer to properly orient the liquid spray in a vessel, 
for example. Referring now to FIGs. S and 9, an atomizer lip 1 00 (on which the atomizer 
(not shown in FIGs. 8 and 9) is mounted) can have an angle to a lance centerline 102 of 
from 10' 10 90^ 

The angled atonnzer tip 100 is configured so thai a single atomizing air 
supply source in the atomizer lance 99 can allow a portion of the atomizing air to cross 
over to the inside of the liquid supply from the atomizer lance 99. The atomizer lance 99 
has an outer tube 105 which is welded to the outer gas supply tube 73 of the atomizer 
lancc tip 100. Inside the lance outer tube 105 is a liquid supply tube 106 which in turn is 
w elded to the outer liquid supply tube The outer liquid supply tube 77 is joined to the 
inner liquid lube by a seal ring I OS which fomis a liquid-tight boundary on the back side 
78 of the outer liquid supply tube 77. The inner liquid supply tube S5 extends through the 
seal ring and is welded to the back cap 109 of the lancc tip 100. The back cap 109 is also 
welded to the oiuer gas supply tube 73 to complete the assembly. There are four gas 
holes 1 10 located in the inner liquid supply lube S5 which are 90 apart that are designed 
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10 uikc a oonioii of the aiomiziini uas and div cn u lo ilic inner conccnu ic yas suppl> 
chamber S() oi'lhe niiih canaciiv atomizer "n, 

rhe duni nuid atomizer 5 described in the iwo embodimenis is very 
cmcieni to operaie because ot'ihe knv pressure o:' the aiomi/.ing ga^. The normal 
ooeraiinu mode lor these atomi/crs is.lo fix the luomi/jnj: gas volume and pressure and 
modulate ihe hquid (low rale by adjusting the liquid pressure. Tests on the dual iluid 
atomizer have demonstrated that it can acliiex e a hquid tlow rate timidown tVoin high 
caoaciiv to low cauacitv of 50:1. which is exceptional and cannot be attained w ith prior 
art atomizers, which typically have a turndown ratio of no more than 8: 1 . 

The low pressure dual fluid atomizer 5 is normally fabricated from 
stainless steel. The atomizer body 10 and face plate 5 in the case of the standard nozzle 
or tlie high capacity atomizer body 72, outer resonator ring 93 and the inner resonator ring 
07 in the case of tlie high capacity atomizer 70 are each made from the same materials. If 
the low pressure dual fluid atomizer is used in a chemical process where the atomizer 
made of stainless steel would be subject to conosion, then the dual fluid atomizer 5 can 
be fabricated out of monel. Even though the gas and liquid passages in the dual fluid 
atomizer 5 arc designed to minimize abrasion, there are situations where a solid which is 
suspended in the liquid can increase dual fluid atomizer 5 wear so the dual fluid atomizer 
can be tabricatcd out of hasialloy. In an abrasive and chemically active environment, the 
dual fluid atomizer 5 can be fabricated from a machinable ceramic. This will give the 
dual fluid atomizer an indefinite senice life. 
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WHAT IS CLAIMED IS: 

1 . An atomi/.cr for aiomi/iny n lit)iiid comprising a housing including 
a gas chamber adapicci lo be connccied lo n supply of gas and a liquid chamber adapled lo 
be connccied lo a source of liquid: an acceleralion tube exiendina from the aas chamber 
in a dow nsucam direction and icrminaling ai an ouiiei: a liquid conduit Jluidly conncciing 
the liquid chamber with the acceleration tube so that liquid from the conduit can be 
entrained in gas llowing through llie acceleration tiibe for discharging a flow of gas/liquid 
mixture through the outlet; and an exit gap in fluid communication with the outlet for 
directing the mixture to an exterior of the housing, the exit gap including a plurality of 
successive shear steps arranged in a flow direction of the mixture through the gap; 
whereby the liquid becomes partially atomized when entrained in the gas flow and 
becomes fully atomized upon contacting the shear steps prior to a discharge of the 
mixture from the exit gap. 

2. An atomizer according to claim 1 wherein the acceleralion tube 
includes a tapered section converging in a downstream direction from the gas chamber to 
a ponit upstream ot where the liquid conduit communicates with the acceleration tube so 
that the liquid is entrained in the gas stream at a location where the gas stream flows 
through the acceleration tube at maximum speed. 

3. An atomizer according to claim 1 including an atomizing chamber 
generating turbulence in the mixture flow between the outlet and llic exit gap for further 
atomizing the liquid entrained in the mixture. 

•4. .Aji atomizer according to claim 3 including a resonant cavity in the 
housing located on a side of the atomizing chamber opposite the outlet, the resonant 
cavity having an open end communicating with the atomizing chamber and in substantial 
alignment with the outlet. 

5. An atomizer according lo claim 4 wherein the exit gap extends 
from ihe atomizing chamber non-parallel to the acceleralion tube. 

6. An atomizer according to claim i including like pluralities of side- 
by-side, spaced-aparl acceleralion lubes and associated liquid conduits. 
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An aioiiii/cr l;ccokIhu: lo cuiiin o includiiig an aioniizinu chamber 
ill lluid coinnuinicaiion wiih ihc oullcis ol ihc accclcraiion lubcs Ibr inicrminyliiiii \\\c 
gas iiqiiid inixiure Hows from ihc acceleration lubL-s: and wlierein the cxii gap is in tluid 
comnuinicaiion wuli iho ;nomi/ini2 chamber for dischar^iinu ihc iinerniinyled mixture 
tlows to the exterior ofllie housine. 

S. An atomizer according to claim 7 w Iierein the exit gap is defmcd 
by opposing, spaced-apart housing walls, and wlierein ihc shear steps are iornicd on ihe 
housing walls. 

9. An atomizer according to claim 8 wherein the housing has a 
lonuimdinal axis, and wherein the exit gap extends over al least a ponion of an arc about 
the housinii axis. 

1 0. An atomizer according lo claim 9 w'hercin the exit gap extends 
over an arc of at least about 90"". 

1 1 . .An atomizer according lo claim 1 0 wherein the exit gap extends 
'Over an arc of 360°. 

12. .An atomizer according to claim 9 including a multiplicity of 
acceleration tubes substantially evenly distributed over the arc of the exit gap. 

13. .\n atomizer according to claim 8 including a resonant cavity for 
each acceleration tube, each resonant cavity being located in substantial aligmiienl witli 
the corresponding acceleration tube outlet on the side of the atomizing chamber opposite 
the outlet. 

1 4. .Aji atomizer according lo claim 1 3 wherein a distance between the 
resonant cavity and the associated acceleration tube outlet is in the range of about .75 lo 
about 1 .25 times a diameter of ihe acceleration tube. 

1 5. An atomizer according to claim 1 3 w herein each cavity has a depth 
in Ihe range of between about .75 to about 1.25 the diameter of the acceleration tube. 

16. An atomizer according to claim 1 3 wherein each resonant cavity 
has a depth substantially equal lo a diameter of the associated acceleration lube. 



/ 
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> 1 ". An aiomizcr lor aiomizini; a liquid comprising a iioiising ha\ ing a 

2 loiigitiuiinai axis, a liujuid chamber suhsiamialiv aliened wiih the axis and an annular eas 
chamber siibsianlially concemrically posiiioncd rclaiive lo ihe liquiJ clianibor; a plurality 

4 of gas acccloraiion lubcs each cxiciidine in a downsircam dircciiou trom ihe aas chamber 
.•^ to an ouilci end of ihc tube and incliuiini^ an upstream section cxtendinH from the sas 

chamber and conv erging lowmds tlie ouilel. and a downstream section tluidly coupled to 
the upstream section, ending in an acceleration tube outlet and havine subsianliallv the 

5 smallest diameter of the acceleration lube; an annular atomizing chamber in fluid 
communication with all outlets of tlie acceleration tubes; a resonant cavity for each outlet, 

1 0 each resonant cavity being in substantial alignment w ith an associated acceleration tube 

1 1 outlet and located on a side of the atomizing chamber opposite the associated outlet: a 

1 2 continuous, arcuate exit gap in fluid communication with the atomizing chamber and 

1 3 extending lo an outside of the housing, the exit gap being defined by opposing walls of 

14 the housing which include a plurality of successive, spaced-apart shear steps facing the 

1 5 gap; and a liquid conduit for each acceleration tube extending obliquely with respect to 

1 6 the acceleration tube from the liquid chamber to the downstream section of the tube; 

1 7 whereby liquid from the liquid chamber is entrained in and partially atomized in the gas 
1 S flow lo the acceleration tubes to thereby form a gas/liquid mixture which is further 

1 9 atomized in the atomizing chamber as a result of turbulence therein, and which is still 

20 luilher atomized as the mixture flows from the atomizing chamber tlirough the exit gap as 

2 1 a result of contacts with the shear steps. 

1 1 8. An atomizer according to claim 1 7 wherein the exit gap extends 

2 over an arc relative to the axis of the housing of at least about 90^. 

1 1 9. An atomizer according to claim 1 7 wherein at least one of the 

2 housijig w alls defining the exit gap is scalloped in a circumferential direction. 

1 20. An atomizer according to claim 1 7 wherein the liquid chamber is 

2 an annular chamber disposed concentrically about the housing axis: wherein the gap. the 

3 chamber, the acceleration lubes, the atomizing chamber, the resonant cavities, and the exit 

4 gap, including the shear steps, fomi a first liquid atomizaiion set: and w herein the housing 

5 includes a second aiomization set comprising the same elements as the first alomizaiioti 

6 set. including a second gas chamber concentricalK posiiioncd relative to the liquid 
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chamber in lluid coinmunicauon with iho iiquid chamber lo ihcrcby double ihc liquid 
nlomizaiion capaciiy ofihe aiomi/.cr. 

2 1 . An alomizer according lo claim I " wherein ihe exn uap is oriented 
non-parallel lo ihe housing axis. 

22. An aiomi/er accorduig to claim 20 includinu a monniiny sel for 
supporting the atomizer and llowingthe (luid and the gas from respective sources at least 
partially non-parallel to the gas chamber and the fluid cliamber. 



1 23. A method for atomizing a liquid (lowing at a variable rale 

2 comprising the steps of fonning a plurality of subsonic, separate gas streams having a 

3 substantially constant subsonic flow rate and a substantially constant pressure: entraining 

4 a liquid in each gas stream to form a gas. liquid mixture in which the liquid is only 

5 paitially atomized; turbulcntly intermingling the separate gas streams in an atomizing 

6 cliamber to thereby further atomize the liquid: directing the mixture from the atomizing 

7 chamber to an exterior of the -mizcr by contacting the mixture wnth a plurality of 

S serially arranged shear steps as it flows from the atomizing chamber to the exterior to 

9 thereby fully atomize the liquid prior to the discharge of the mixture from the atomizer; 

1 0 and modulating the rate at which the liquid is entrained in the gas streams while 

1 1 maintaining the gas stream flow rate and the gas pressure substantially constant to thereby 
correspondingly modulate the rate at which atomized liquid is discharged to the exterior. 



1- 

1 24. A method according to claim 23 including supplying gas for the 

2 gas streams at a pressure in a range of beiAveen about 12 PSIG to about 25 PSIG. 

1 25. A method according to claim 24 including supplying the gas at a 

2 pressure in the range between about 20 PSIG to about 25 PSIG. 

' 1 26. A method according to claim 24 including supplying liquid for the 

2 entraining step at a pressure of more than about 25 PSIG. 

1 2". .A method according to claim 26 including supplying the liquid at a 

2 pressure in the range of between about 50 PSIG to about 100 PSIG. 



... • 
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2S. A niciliod accouiiny lo claim 23 wherein the step ofmotliilniiiiv! 
comprises the slep ol' modulating the pressure oi lhe liquid being entrained in each gas 
stream over a ranye of beuveen about 50 PSIG to about lOU PSfG, 

2^). A metliod according lo claim 23 wherein the step ofdireciing the 
mixture How to the exterior of the atomizer comprises diverting the mixiine to flow from 
the atomizing chamber in a direction non-parallel to the direction of the subsonic sas 
streams, 

30. A method according to claim 23 wherein the step of modulating 
comprises var>'ing the rale at wliich the liquid is entrained in the gas streams over a range 
of more than about 10:1. 

31. A method according lo claim 30 wherein the step of modulating 
comprises vaiying the rate at which the hquid is entrained in the gas streams over a range 
of al least about 25:1. 



32, 



A method according to claim 3 1 vvhereiji the step of modulating 
comprises var>'ing the rate at which liquid is entrained in Ihe gas streams over a range of 
at least about 50:1. 

33, A method according to claim 23 wherein the entraining step 
includes controlling the respective liquid and gas streams so that the mixture has a mass 
of no more than about 3 Ibs/cuft. 



34. A method according to claim 33 includinu controlling the 
respective liquid and gas streams so that the mixture has a mass of no more than about 
1,11 Ibscufi. 
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(54) Title: LOW PRESSURE DUAL FLUID ATOMIZER 
(57) Abstract 

An atomizer! 5) for atomizing a 
liquid has a gas chamber (15) adapted 
to be connected to a supply of gas and 
a liquid chamber (30) adapted to be 
connected to a source of liquid, 
mixing aibc (38) extends from Ihe gas 
chamber (15) in a downstream direc- 
tion, and atomizing gas Hows through 
the lube (38) at subsonic speed, A liq- 
uid conduit (32) fluidly connects the 
liquid chamber (30) with the mixing 
tube (38) so that liquid from Ihe con- 
duit (32) can be entrained in the gas 
flow for discharging a mixmre of gas 
and panially atomized liquid from the 
tube (38). The mixture then flows 
through an exit gap (65) to the exterior 
of the housing (10). The exit gap (65) 
has several successive shear steps (45) 
which contact the mixture as it flows 
through the gap (65) to thereby sub- 
sianiially fully atomize the liquid as it 
is being discharged from the atomizer 
(5). The atomizer (5) permits varia- 
tions in the liquid flow rate and there- 
with variations in the rate at which at- 
omized liquid is discharged from the 
atomizer (5) by modulating the rate 
at which the liquid is entrained in the 
gas streams while maintaining the gas 
stream flow rate and pressure substimtially constant. 
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LOW PRESSl RE Dl AL FLUID ATOMIZER 

FIELD OFI.WENTION 
The present im cntion relates to a dual fluid atomizer which uses a low- 
pressure gas lo break up the surface tension hi a liquid and produce a fuicly atomi/cd 
liquid spray. 

DESCRIPTION OF PRIOR ART 
There arc many industrial applications w here a fuiely atomized liquid is 
required in a process. Atomized water is used for such processes as evaporative cooling, 
fire fighting, and even in the manufacture of snow; atomi/.ed oil is used in combustion 
systems; and other liquid chemicals can be atomized to enhance various processes, such 
as spray diying. 

in the past, the atomizaiion of a liquid has been achieved in two ways. 
The first is by pressure atomization where the liquid is pumped under high pressure 
through a single fluid nozzle. In such a nozzle, the pressure energy is used to break up 
the surface tension in the liquid by centrifugal force or by passing the fluid over a shear 
surface. Sometimes both centrifugal force and shear surfaces are used. Such nozzles use 
fluid pressures approaching 1000 PSIG. and the atomizaiion achieved is of inconsistent 
quality. In addition, the tunidown ratio of these nozzles — which is the ratio between the 
maximum nozzle capacity divided by the minimum nozzle capacity in which useful 
atomizaiion is achieved — is limited to approximately 4: 1 . 

The second method for atomizing a liquid is to augment and ciiliance the 
atomization process by mixing a gas with ihe liquid in a nozzle and use the expansion of 
the gas as well as a shear surface in the nozzle to achieve the desired atomizaiion. In 
most dual fluid nozzle designs, the liquid and gas are separately piped to ihe nozzle lip 
where ihey arc mixed. The mixed fluids arc directed lo an exit port where there is a shear 
surface to help break up the fluid tension in the liquid as the mixture exits the nozzle. 
The mixture of gas and liquid achieves further atomization as the gas in the mixture 
expands when it leaves the nozzle exit port. 
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Such tiual lluicl no>:/los i\picaliy use uas aiui liquid pressures hciwecn intJ 
PSIG and 125 PSIG ai lull capacily. The jjas pressure can be imKlulaied as ihc liquid 
pressure is adjusted over ihe lurndown ranue. As j rule, inereasinu die gas pressure in 
relaiion lo ihc liquid pressure will decrease liie liquid How rale and result in tiner 
5 aiomi/aiion. while increasing llic liquid pressure in relaiion lo ihe jzas pressure will 
increase ihe liquid ilow rale and resuh in coarser aiomizaiion. These dual fluid noz/dcs 
peniiil limited lurndow ns. with the exccplional units achieving turndown ratios oi about 
8:1. 

Manv ol ihc dual fluid nozzles used in combustion processes in boilers use 

10 sleam as the atomizing gas. These aloniizers are designed to minimize ihc \ oiume of gas 
required lo atomize ihc liquid because the sieam used cannot be recoN ered in the 
condensaic return system. Since the sieam is available at boiler pressure, there is no 
appreciable penalty for the required, relatively high gas pressure. 

Wlien steam is not available, dual tluid atomizers have lo use compressed 

1 5 air (or other gas) as the atomizing gas. The design philosophy used in air-atomized 

nozzles has also been to minimize the amount of air (volume) and use the higher pressure 
( 1 00 PSIG lo 125 PSIG). Air compressors required for such nozzles are expensive to 
purchase and require costly annual maintenance. 

A variclv of dual fluid atomizer desisnis arc known. For instance, U.S. 

20 patents 3,240.253 and 3.240.254 issued to Hughes show several dual fluid atomizers 

which accelerate the gas to above sonic velocity, and a portion of the gas stream is turned 
back against the supersonic nozzle fonning a pressure wave that enhances alomization of 
the injected liquid. The patents disclose several options for injecting the liquid into the 
supersonic gas nozzle and the pressure wave. \\\ U.S. patent 3.240,253. Hughes leaches 

25 that the lowest atomized mean droplet size is achieved at an input air pressure ot 99.7 
PSIG. 

U.S. paicni 4,356.970 issued lo Vosper ci al.^shows designs for dual fluid 
atomizers which use minimal gas volumes lo atomize the liquid. The aiomizers are tor 
burners used in boilers which have ihe objective of using only about one-third of the gas 
30 \ olume used in earlier atomizers, and they employ gas pressures over 1 00 PSIG. 

Another atomizer is disclosed in U.S. paieni 4.362.274 issued lo Davis. 
This atomizer uses a high pressure atomizing gas to simultaneously aiomizc a 
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convciuioiial high cncrey liquid luel and a waste luei. The aiomizcr is imcndcd for use \n 
incinerator burners and also requires high i:as pressure. 

I'.S. patenis 4.S93."*52. SXC5.9S^). and Re. 34.5SO issued to 

Spink ei al. describe several dual fluid atomizers. .Ml of them use high pressure yas ( lUU 
PSIG lo 125 PSIG) 10 aiomi/e a liquid for various processes. These patents all are lor 
atomizers that mix the atomizing gas in the nozzle tip with a liquid, so that the mixture 
can exit the nozzle cap in different directions and tise the expansion of the gas to atomize 
the liquid. In all nozzles, the gas pressure is close to the liquid pressure, and the . 
atomizers use relatively lower gas volumes to achieve the desired atoniization. 

U.S. patent 5,553,784 issued to Theurcr discloses another high pressure 
dual fluid atomizer. In this aloiiiizer, a liquid and gas enter a mixing chamber where they 
mix prior to entering a tapered exit port. The exit port has a tapered pintel with an impact 
plate on the end which at least partially diverts the mixture flow and acts as a shear 
surface at the nozzle outlet. This atomizer design uses low volume gas at high pressure to 
atomize the liquid as it exits the nozzle. 

Thus, the patents discussed above are for atomizers which attempt to 
minimize the volume of atomizing gas that is needed and maintain the pressure of the gas 
close to the pressure of the liquid. In each case, to change the output of the atomizer the 
atomizing gas pressure and the liquid pressure are modulated over the turndown range. In 
each case, the atomizers require high pressure air (or other gas) compressors lo generate 
the needed atomizing gas. Producing high pressure gas is expensive, and costs increase 
with increasing pressures. 

In addition, |)rior art atomizers* particularly those which generate a 
unifomily fine dispersion of liquid particles or droplets suspended in the air (or other 
gas), rely primarily on the energy of the high pressure gas to effect alomizaiion of the 
liquid. When it is time lo reduce the rate at which the liquid is atomized, it is necessaiy to 
approxiiiiatcU' proportionally reduce the air flow and liquid flow rates becattse, in order lo 
function, the liquid pressure must at all times exceed the gas pressure where the two arc 
mixed. A reduction of the air flow rate, however, immediaielv and drasticallv reduces the 
aiomization efficiency. As a result, atomizers using high pressure air as the primarx- 
atomizinc auent have limited turndown ratios. 
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Thus, ilicic is a nccJ lor a ik-a uiiti practical dual fluid aiomi/or wliich 
lioc-s 1101 iui\ c liic deficiencies dcsciii^cd abo\c ami w liicli improves pcriomiancc while 
rcdiiciiii: opcraiiny costs. 

.; Sl.MMARV OF THE INV HNTION 

The presciu iiivcniion is a low pressure dual lluid aiomi/cr \\ liich uses an 
atomizing gas pressure ot lcss than about 30 PSIG combined with a relatively larger 
\ olume of atonii/ing gas to provide the energy needed for aiomizaiion. As a result of the 
reduced gas pressure, the generation of the atomizing gas uses less than half tiie power to 

1 (I compress it as compared to the prior art nozzles even though it uses a relatively larger 

amount (volume) of aas. 

The low pressure dual fluid atomizer of the present invention initially 

entrains the liquid in the compressed air which flows at subsonic speeds, resulting in only 

a partial atomization of the liquid in the mixture. To attain full homogeneous 
1 5 atomization. it employs a resonator to force the mixture back on itself so that atomization 

is continued bv the shear forces created when two opposing streams impact on each other. 

To continue the atomization of the liquid in the mixture, the mixture passes over and is 

contacted bv a series of successive shear steps prior to exiting the nozzle outlet. 

Additional alomizaiion results from ihe expansion of the atomizing gas after it leaves the 
20 nozzle outlet. 

An advantageous characteristic of the new low pressure dual tluid 
atomizer is the independence of the atomizing gas and liquid pressures. During nonnal 
operation, the nozzle uses a constant atomizing air pressure, preferably set. maintained 
and tlxcd at a pressure in the range of about 15 PSIG to 25 PSIG. The liquid pressure. 

25 however, can be modulated over a wide range, for e.\anipic from a high of about 70 PSIG 
down 10 a minimum pressure just slightly above the air pressure at the point where the 
liquid is entrained in the gas flow. This atomizer has been operated and exhibited stable 
operation over a turndown ratio of up to 50:1 when tested in a horizontal position. 

Generally speaking, an atomizer for atomizing a liquid in accordance with 

3n the invention has a gas cliamber adapted to be connected to a supply of gas and a liquid 
chamber adapted to be connected to a source of liquid. A mixing lube extends from the 
uas chamber in a downstream direction and terminates at an oiulet. A liquid conduii 
lluidly connects the liquid chamber wi-.h the mi.xing tube so that liquid from the conduit 
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can he entrained in the uas How for discharging a niixiurc of gas and partially atomized 
liquid iVoni the tube. Tlie mixture then Hows tliiough an exit slot or gap to the exterior of 
the housing. The exit gap has several successive shear steps which contact the mixuire as 
it flows through the gap lo thereby substantially fully atomize the liquid as it is being 
discharged from the atomizer. 

I he initial mixture discharged frotn the acceleration tube of the atomizer is 
further directed towards a resonant cavity that is aligned with the acceleration mbc and 
spaced therefrom bv an inteivcnins atomizinu chamber which in turn fluidlv 
communicates with the exit gap. The mixtuie reflected in tlie resonant cavity turns on 
itself, so to speak, impacts with additional mixture discharged from the mixing tube, and 
thereby causes turbulent flow in the atomizine chamber which causes additional 
atomization of the liquid droplets in the mixture. 

The present invention also includes a method for atomizing a liquid while 
permitting variations in the liquid flow rate and therewith variations in the rale at which 
atomized liquid is discharged from the atomizer. The method involves fonning a 
plurality of subsonic, separate gas streams which have a substantially constant subsonic 
flow rate and a substantially constant pressure. The liquid is entrained in each gas stream 
to fomi the gas.'liquid mixture in which the liquid is only partially atomized. The separate 
mixture streams are turbulentlv interminsled in the atomizine chamber, to further atomize 
the liquid droplets, and the intermingled mixture is then directed to the exterior via the 
exit gap by contacting the tnixture with a plurality of serially arranged shear steps to 
further atomize the liquid at the lime it is discharged. Finally, the rate at which the liquid 
is entrained in the gas streams is modulated, while the gas stream flow rate and the gas 
pressure arc maintained substantially constant to thereby coirespondingly var\- the rale at 
which atomized liquid is discharged from the atomizer. 

To maintain low operating costs, primarily by minimizing pressure drops 
of the pressurized gas as it flows llu-ough the atomizer, the mixing tube is constructed in 
two sections. An upstream section, which communicates the gas chamber, is 
fnistoconical. conx erges in a downstream direction, and comiects to a mixing section of 
the tube, where the gas flow rate is at a maximum. Liquid from the liquid chamber is 
entrained in the gas flow through the mixing section of the tube, preferably by flowing the 
liquid into the mixing section at an oblique angle that does not exceed approximately 35^. 
Further, there are preferably a multiplicity, i.e. more than two, of acceleration tubes which 
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AYC an anyed side by side and which open inio a common aiomizing chamber ihai oxicikIs 
o\ er pan or ihc entire circumference of the housing, and Ihe exit jzap for ihc mixture is 
circumfercntially coextensive with the aiomi/.ing chamber. 

This arrangement minimizes pressure drops and. therefore. sa\ es power 

5 and cost tor generating tlie needed pressurized air. 

liven though the prcssuiized air used in the aloinizer of the present 
invention has a pressure insufficient to fully aiomizc the liquid when it is first entrained, 
complete, homogenous atomization is attained because the mixture successively passes 
ihroui2h the aioniizinu chamber, is at least partially reilecied in the resonant cavity, is 

l(i subject to the earlier incniioned turbulence in the atomizmg chamber, and then ilows over 
the shear steps in llie exit gap to the exterior of the housing. In the process, the liquid 
droplets, and especially the larger ones, are subjected to repeated impact and shear, all of 
which combine lo effect a fine and unifonn atomization of the liquid. Since the speed (or 
pressure ) of the atomizing air is not the primarx' cause for the atomization of the liquid, 

1 5 the air pressure can be maintained low. This in turn enables an operation of the atomizer 
at relatively high or low liquid pressures. The only requirement is that the liquid pressure 
exceed the air pressure at the point where they are mixed so that the liquid can be injected 
into the air How. The atomized liquid output of the atomizer can therefore be reduced by 
simply reducing the liquid pressure until the desired, lower flow rate is attained. For each 

20 specifically set atomizing gas inlet pressure, there is a specific atomizing gas pressure at 
the exit of the acceleration tube or point of entrainmenl of the liquid. The atomizing gas 
pressure at the point of entrainmcnt is typically 5 to 10 PSIG below the atomizing gas 
inlet gauge pressure. Thus, the atomizer of the invention can be operated w ith liquid 
pressures over a range from. say. a high of about 70 PSIG at full capacity down to just 

25 above the air pressure at the point of entrainment at the lowest nozzle capacity. Since the 
atomizer can be operated with a gas supply pressure as low as 12 PSIG (although 
typically it will lie in the range of between 1 5 to 25 PSIG). and the gas pressure at the 
point of entrainment is a constant base pressure lor supplying liquid to the atomizer, the 
atomizer can use liquid pressures which amount to a vety low differential tibovc the base 

30 pressure and. therefore, make turndown ratios of up to 50: 1 possible. 

In contrast, prior an dual fluid atomizers relying on supersonic air speeds 
and conespondiiigly high air pressures require a minimum liquid pressure which exceeds 
the air pressure of 100 PSIG or more. Since air pressures could not be greatly reduced in 
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prior an aioinizcrs wiilioui compromising aiomizaiion efteciiveiiess, and since ii is 
impraciical. difficuli and relatively expensive lo use excessively high liquid pressures 
during nonnal or maximum capacity operation of the atomizer, the prior an dual fluid 
aiomi;irers had the earlier mentioned limited turndown ratio, a shortcoming that is 
elTeciively.and inexpensively o\crcome by the atomizer of the present invention. 

In most cases, the low pressure diial fluid atomizer can have a spray 
pattern over a specific sector such as a 1 80' arc, or a 90" arc. Because each feed hole for 
the liquid is directed into a specific feed hole for the atomizing gas, the atomizer directs 
atomizing fzas and liquid to a designated sector only. 

The low pressure dual fluid atomizer of the invention can also deliver 
different conical spray angles for differing applications. The atomizer has one or more 
discharge slots where the atomized mixture of gas and liquid particles exits from the 
nozzle. The conical spray pattern typically is a cone w^th a designed included angle that 
is bisected by the centerline of the low pressure dual fluid atomizer. The atomizer can 
have an included cone angle in the range between 30^ and 180°. 

The atomizer of the inv ention is preferably made from stainless steel for 
most applications. It can also be used in an environment where the atomizer can be 
subjected to chemical attack. In such cases, it can be made from materials such as monel 
and hastalloy. The special design considerations that make the low pressure dual fluid 
atomizer perform as designed also make it possible to fabricate the atomizer from exotic 
mateiials. 

In the event the low pressure dual fluid atomizer is used to atomize a liquid 
v\ hich has suspended solid particles, the atomizer can be fabricated from ceramics which 
arc exceptionally hard and will .significantly reduce any wear on the atomizer impact or 
shear surfaces. 

The atomizer is more efficient and has a siunificantlv larger turndown ratio 
than prior art atomizers. It also overcomes the disadvantages of prior atomizers, and it is 
versatile, which allows its use to be in a large number of atomizer applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of the low pressure dual fluid atomizer of 
the present invention: 

FIG. 2 is a cross-sectional view taken aloni: lines A- A of FIG. I ; 
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FIG. 3 is ii cross-scciionai view lukcn alonu linos of FIG. 1 : 
FIG. 4 is a back oiul view oftlie low pressure dual Huid aiomizer. 
I-IG. 5 is a cross-seeiional view ol llw iiigh capaciiy \ ersion of ihe lo\^ 

pressure dual lluid aiomizer: 

I-IG, 0 is a ilciail "A * of FIG. 5 which shows ihc enlarged deiails ol" ihc ea< 

and lluid mixer, ihc resonator caviiy and aiomizer discharge system: 

FIG. 7 is a back end view of the hiuh capaciiy dual Huid atomizer: 
FIG. S is a plan view of the aiomizer lance 90' end lilliiig w ith the 

aiomizing gas crossover feature; and 

FIG. 9 is a horizontal cross-section of the atomizer lance 90' end Fming 

with the atomizer gas crossover feature. 

DESCRIPTION OF THE PRfFERRED EMBODIMENTS 
Referring to FIGs. 1-4, the low pressure dual fluid atomizer 5 of the 
invention has an atomizer housing or body 10 with a front face 11 and a back end 12 
where pressurized gas and liquid are introduced into the atomizer body 10. A gas supply 
lube (not shown) is concentric to a liquid supply tube (not shown) and has threads which 
enaaee <^as tube threads 13 located on an inside surface 17 of an outer w all 16 of a 

conccmric gas chamber 15. 

The gas supply pressure to the concentric gas supply chamber 1 5 is 

typically bet\vecii about 12 PSIG and about 25 PSIG. In a presently preferred 

embodiment, it is between 15 PSIG and 25 PSIG. The atomizing gas flows from the 

concentric gas chamber into large ends 18 of a multiplicity of conical, downstream 

converainti acceleration tubes 19 where the atomizing gas converts part of its pressure 

energy into increasing velocity prior to exiling the acceleration tubes at small ends 20 

thereof and entering contingent, constant diamctermixing lubes 38. .At the end of 

acceleration tube 1 9. the atomizing gas has attained a velocity which is just below the 

speed of sound for the particular atomizing gas being used. The low pressure dual fluid 

atomizer 5 is designed so that the atomizing gas does not exceed the speed of sound, i.e. 

the gas flow is subsonic at all times, in order to keep the atomizing gas pressure as low as 

possible and save power. 

Liquid to be atomized is entrained in the atomizing gas exiling in mixing 
lube 3S where the two form a mixture of gas and non-unifonn liquid droplets. The liquid 
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lo be atomized oiucrs the back ejid 12 oraionii/cr body 10 ihrouyh a liquid supply lube 
(noi sl)o\vi)) which is arranged al the center of the uas supply tube (not shown). The 
litjuid supply lube sUdes inside an inner wall 2i oflhe concentric gas supply chamber 15. 
The liquid supply tube end (not shown) tbrms a lii|uid-iight seal with a shouidcr 22 
machined into the inner wall 21 of the conceniric gas suppl\' chamber 15. Liquid from 
the liquid supply tube eniers a liquid supply chamber 30 whicl) is aligned wiih the axis of 
the housing and is sc?paraicd from conceniric gas supply chamber 15 b>' a wall 35. Wall 
35 prevents a premature mixing of gas and liquid. 

Liquid is typically supplied at a pressure of between about 50 PSIG and 
about 1 00 PSIG depending on the application oflhe atomizer system. The liquid supply 
is normally liiniled to tluids with a viscosity less than about 400 SSL' and can include 
solids suspended in a colloidal suspension. From ihc supply chamber 30. the liquid flows 
and accelerates through a multipliciiy of liquid supply ports or conduits 32 into mixing 
lube 38 located downstream of acceleration tube 19. 

One liquid supply port 32 is typically provided for each of the gas 
acceleration lubes 19. The liquid supply port 32 is positioned at an angle to mixing lube 
38 so that the momentum of the liquid entering the mixing lube is almost in the same 
direction as the atomizing gas stream to reduce pressure losses in the atomizer. The angle 
between the liquid supply ports 32 and the mixing tube 38 should normally not be greater 
than 35^. The atomizer becomes more efficient as the angle between the liquid supply 
ports 32 and the mixing tube 38 becomes smaller, and the minimum angle is normally a 
function of the geometry and material oflhe atomizer. 

As the liquid and gas mix in mixing tube 38, the energy oflhe atomizing 
gas accelerates the liquid stream to an average gas. liquid velocity. The atomizing gas 
velocity in turn decreases until it reaches the average gas liquid velocity. In developing a 
low pressure atomizer in accordance wiih the invention, the needed gas volume is 
increased as the gas pressure is decreased lo maintain the required momentum in the gas 
to effectively entrain the liquid in ihe gas and ultimately achieve the desired atoinizaiion. 
The mass of the atomizing gas is typically :ipproximaiely one-fifth oflhe mass oflhe 
liquid lo be atomized al full capacity. Thus, with the present inveniion, gas liquid 
mixtures have a mass (comprising air and waier) of no more than about 3 lbs cufl and 
typically it will be as low as I.I 1 lbs.cuft at the nozzle inlei. Prior art atomizers using 
high aiomizing gas pressures use aiomizing gas which is approximately one-tweniieih the 
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mass ol Uic liquid lo be aiomizcd at foil capaciiy. In such a case, ihc ijas liquid mass t lor 
air :uh1 waicr) is aboui 1 1 .IS" pounds per cubic ft. al llie nozzle nilei. Those prior art 
hieher pressure aionii/crs wasie subsianlial amounis oi lhc energy in the aicnii/ in^i yas 
ihrouuh ine liniiiaiions ofihc dynamics of compressible How as ii mixes wiih ihe liquid 
•} componeni. The relaii\ cly low gas pressure required by ihe atomizer of liie prcseni 
invcnlion combined with higher gas volume can be obtained from lower cost and more 
elTicicni compressors or blowers, even though it uses relaiively higher gas volumes, 
ibcrebv siiznincamls reducing the operaiinsi cost of the atomizer. 

From mixing tube 38. the gas, liquid mixture enters and starts lo expand in 

1 0 an alomizins chamber 40. TIte atomizing chamber 40 is a ring or annulus that 

communicates with and interconnects all mixing tubes 38 where the gas flows from the 
tubes interminale. The aiomizine chamber has an inner wall 41 which has a diameter 
which is approximately .080 inches smaller than the diameter of a circle which is tangent 
to an inside wall 39 of the mixing tube 38. The inner wall 41 can be smooth (not shown) 

1 5 or it can be a scalloped wall 42 as shown in FIG. 2. Each scalloped cut 43 of wall 42 is 

co-located with a mixing tube 38. 

The front face 1 1 of atomizer bodv 10 has a pin 14 which projects from its 
center. Ail atomizer face plate 50 has a cenierline hole 5 1 that fits over pin 14. The face 
plate 50 and the front face 1 1 also have holes in their mating surface where a locating pin 
20 53 is installed. The face plate 50 is pennancntly fastened to the atomizer body 10 front 

face 1 1 bv a weld 54. 

The face plalc 50 forms an inner wall 41 and an impact surface 55 of 
■ atomizing chamber 40. Opposite the atomizing chamber from each mixing tube 3S. and 
on the same pitch circle as the mixing tube, is a resonator cavity 60. Optimal results are 
25 obtained when the distance from outlet 37 of the mixing tube to the inlet 61 to the 

resonator cavity 60 is between about .75 to about 1 .25 times the diameter of the mixing 
tube: the diameter of the resonator cavity 60 is equal to the diameter of the mixing lube: 
and the depth of the resonator cavity is about .75 to about 1.25 limes the diameter of the 
mixing tube. 

y] The periphery of atomizing chamber 40 is open and in fluid 

communication with an atomizer exit slot or gap 65 that is circumferentially coextensive 
with the chamber. Exit slot 65 is located hetAveen opposing walls each of w hich has 
se\ eral. serially arranged, opposing shear steps 45 that project into the slot. The front 
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face i 1 of [he atomizer boch* lo and a back side 52 efface plate 50 fomi ihe walls 
bordering ihc exil slot. The shear sieps 45. 56 each ha\ c a displacemeni 46 parallel lo the 
aionii/cr body 10 centerline and a displacemeni 4:^ perpendicular to the atomizer bod\ ]u 
centeriine. Tlie ratio between the displacemeni 46 parallel to the cenlcrlinc and the 
displacement 4" pcrixMidicular to the centerline establishes the spray angle of the 
atomized liquid leaving atomizer body 10. The low pressure dual fluid atomizer is 
capable of providing atomized liquid with an included spray angle of between about 30*' 
to about 1 80^. 

in use, the gas. liquid mixture exits from the mixing tube 38 and enters the 
atomizing chamber 40. As the gas. liquid mixture enters the atomizing chamber 40, a 
portion of the flow expands and flows towards impact surface 55. The remaining 
gas/liquid mixture enters the resonator cavity 60 and proceeds to the back end 62 thereof 
where it is reflected back against the incoming flow. The reflected gas/liquid mixture 
creates an intense shearing effect which breaks up the surface tension of the liquid and 
causes further atomizatioii, especially of the larger liquid droplets in the mixture. The 
arrows 48 in FIG. 6 show the flow pattern in the atomizing chamber 40. The original 
mixture flow from the mixing tube, the reflected mixture from the resonant cavity, and 
the mixture flowing off impact surface 55 generate intense turbulence in the atomizing 
chamber which causes further atomization of the droplets in the mixture before it enters 
exit slot 65. 

In exit slot 65. the gas/liquid streams pass over shear steps 45, 56 where 
the sharp step edges 58 continue to further break down the surface tension of the liquid at 
the boundar>' layer, thereby further reducing and homogenizing the particle or droplet size 
of the atomized liquid. 

There are several alternative embodiments of the low pressure dual fluid 
atomizer adapted for specific applications. In the embodiment discussed above, the 
atomized liquid exits from the exit slot in an even and symmetrical pattern. Due to the 
design of the process vessel in which the atomizer is used or limitation on the atomizer 
mounting system, non-symmetrical spras- patterns for the atomized liquid are at times 
needed. This can be achieved in several ways. In one approach, the diameter of the 
liquid supply pons 32 is changed, or dual liquid supply ports are used lo feed the liquid 
into the mixing tubes in specified sectors of the atomizer body 10. This can be employed 
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■0 increase or decrease the alomi/ed liquiil How in one or nioic specific sectors oi the 
spray patlerii. 

Anolher approach to aher ihc atomizer spray paltein is to block oil one or 
more sectors of the aionii/.er hoily lo. hi such a case, the acceleration tubes IM ami the 
respectiv e hquid supplv pons 32 over ihc correspomling sector of the iiozxle are 
chniinatcd so that atomized liquid Hows from only the portion of the cxii slot 65 where 
the acceleration lubes 19 and the liquid supply pons 32 remain. 

In anolher embodiment, selected liquid supply pons 32 which arc 
connected to the mi.xing tube 38 can be eliminated so that the atomizing gas from these 
mi.xing tubes enters resonator cavity 60 without first mi.xing with the liquid. This can be 
used to provide discontinuities in the atomizer spray pattern, which is desirable for some 
combustion applications. This embodiment can improve atomizaiion at the boundary of 
spray sectors, a feature w hich is desirable for some applications. 

In one industrial application, the atomizer 5 shown in FIGs. 1 -4 is 
dimensioned for a inaximum liquid flow capacity of about 30 GPM. To increase the 
capacity of this atomizer above 30 GP.M, one or more additional exit slots 65 can be 
provided. Each has its own respective gas acceleration tubes 19. liquid supply pons 32. 
mixing tubes 38 and atomizing chambers 40 as is shown in FIGs. 5-7. In the case of the 
higher capacity atomizer 70 shown in FIG. 5. there are txvo exit slots 65 which arc axially 
displaced from each other along the centerline of the atomizer. The higher capacity 
atomizer 70 has an outer gas supply tube 73 with an external thread that engages the 
threads 13 on the inside surface 1 7 of a high capacity atomizer body 72. Concentric to 
and inside the gas supply tube 73 is an outer liquid supply tube 77 which has a sliding ill 
against the inside wall SI of the oiucr concentric gas supply ciiambcr SO. .K liquid-tight 
seal is maintained between the outer concentric gas supply atid the liquid by the force 
pushing the outer liquid supply tube " against ihe sealing surface S2. The high capacity 
atomizer "U has a second gas supply system which is inside and concentric to the liquid 
supply system. \n inner liquid supply lube 85 has a sliding fit against an outside wall S" 
of the inner concentric gas supply chamber S6. .-V liquid-tight seal is maintained between 
the imier concentric gas supply and the liquid by ihe Ibrce pushing the inner liquid supp!> 

tube S5 asainsi the seating surface SS. 

As shown in FIG. 6. atomizing air from outer concentric gas supply 
chamber SO and inner concentric gas supply chamber SO enters a number of gas 
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accclcraiioil lubes 19 w here its velocity is incroascii prior lo cnicring mixiny uibe 3S. Ai 
ihe same linie. liiiuitl eniors from ihe hiick ofnioinizcr body 72 belwccn the outer liquid 
supp!) lube ""^ and \hc inner liquid supply tube S5 where ii enters the conccniiic Hquid 
supply cavity ^)D. I'hc liquid supply ca\ iiy ^>U provides the aiomizine liquid to the mixing 
lubes through the liquid supply ports 32 at each nuxing lube location. 

In order lo maintain the inieeriiv of atomizer bodv 72. the resonator 
cavities (>0. which match the location of the respective mixing lubes, arc drilled into an 
outer resonator rina 93 and an inner resonator rins 97. The outer resonator rine 93 is 

w ^ ^ 

welded to the atomizer body w ith a weld 94 and contains the shear steps 56 for exit slot 
65. .The inner resonator ring 97 is welded to the high capacity atomizer body with a weld 
95 and contains the shear steps 56 for its exit slot 65. 

Higli capacity atomizer 70 functions the same way as the dual fluid 
atomizer. It operates at the same gas and liquid pressures except that the increase in the 
overall number of mixing tubes 38 enables it to achieve higher atomized fluid flow rates. 

In most applications, the coaxial gas supply tube and the liquid supply tube 
are straight as they enter their respective locations on the back of the atomizer body 10, 
This is also true of the high capacity atomizer 70. However, some applications require 
that the coaxial supply tubes, which also mount the atomizer in its operative position, 
prescribe an angle upstream of the atomizer to properly orient the liquid spray in a vessel, 
for example. Referring now lo FIGs. 8 and 9, an atomizer tip 100 (on which the atomizer 
(not shown in FIGs. S and 9) is mounted) can have an angle to a lance centerline 102 of 
from 10" to 90'. 

The angled atomizer tip 100 is configured so that a single atomizing air 
supply source in the atomizer lance 99 can allow a portion of the atomizing air to cross 
over to the inside of the liquid supph from the atomizer lance 99. The atomizer lance 99 
has an outer tube 105 which is w elded lo the ouier gas supply tube 73 of the atomizer 
lance tip 100. Inside the lance outer tube 105 is a liquid supply tube 106 which in turn is 
welded to the outer liquid supply tube '7'^. The outer liquid supply tube 77 is joined to the 
inner liquid tube by a seal ring lOS which fonns a liquid-light boundaiy on the back side 
78 of the outer liquid supply tube 7", The inner liquid supply ttibc.S5 extends through the 
seal ring and is welded to the back cap 109 of the lance tip 100. The back cap 109 is also 
w elded lo the outer gas supply tube ^"3 lo complete the assembly. There are tour gas 
holes 1 10 located in the inner liquid supply tube 85 w hich are 90' apart thai are designed 
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:o (akc a poiiion ol'iho aiomi/int; uas and divcn ii lo ihc iniK-r concentric ^as siippU 
chamber S6 of the liigh capacity atomizer ^0. 

Tlic dual lliiid aioini/.cr 5 ucSs:nbcd in the two cmbodimcnis is \cr\ 
ofncicn: lo operate because oflhe low pressure of the aionuzini: gas. l lie niMiivai 
operating mode lor these aiomi/crs is to \\\ the aiomi/iiK- ijas volume and pressure and 
modiihite the liquid How rate by adjuslinu ihc Hquid pressure. Tests on the dual rluid 
atomizer have demonstrated thai it can achieve a liquid llow rale turndown from high 
capacity lo low capacity of 50: 1 . which is exceplional and cannot be auained with prior 
art atomizers, which lypicalh" have a turndown ratio of no more than S:l. 

)() The low pressure dual fluid atomizer 5 is nomially fabricated from 

stainless sieel. The aloinizer body lu and lace plate 5 in die case of the standard nozzle 
or the high capacii\ atomizer body 72. outer resonator ring 93 and the inner resonator ring 
97 in the case of the high capacity atomizer 70 arc each made from the same materials. If 
the low pressure dual fluid atomizer is used in a chemical process where the atomizer 

1 5 made of stainless steel would be subject to coiTOsion, then ihe duaj iluid atomizer 5 can 
be fabricated out of monel. Cven though the gas and liquid passages in the dual fluid 
atontizer 5 are designed to minimize abrasion, there are situations where a sohd w hich is 
suspended in the liquid can increase dual fluid atomizer 5 wear so the dual fluid atomizer 
can be fabricated out ofliasialloy. In an abrasiv e and chemically active environment, the 

2ti dual iluid atomizer 5 can be fabricated from a machinable ceramic. This w ill give the 
dual Iluid atomizer an indefinite scr\'ice life. 
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1 . An alomizcr for aiomizing a liquiii comprising a . housing including 
a ^as chamber adapjcci lo be connected to a supply of gas and a hquid chamber adapted lo 
be connected to a source of liquid; an acceleration tube extending tVom the gas chamber 
in a downstream direction and lerniinaling at an outlet: a liquid conduit fluidly connecting 
the liquid chamber with the acceleration lube so that liquid from ihc conduit can be 
entrained in uas (lowinfi throueh the acceleration lube for discharuina a flow of uas liquid 
mixture lluough the outlet: and an exit gap in fluid communication with the outlet for 
directing the mixture to an exterior of the housing, the exit gap including a plurality of 
successive shear steps arranged in a flow direction of the mixture through the gap; 
whereb> the liquid becomes partially atomized when entrained in the gas flow and 
becomes fully atomized upon contacting the shear steps prior to a discharge of the 
mixture from the exit gap. 



1 

4 



2. An atomizer according to claim 1 wherein the acceleration tube 
includes a tapered section converging in a dow-nsiream direction from the gas chamber lo 
a point upstream of where the liquid conduit communicates with the acceleration tube so 
that the liquid is entrained in the gas stream at a location where the gas stream Hows 
tlirough the acceleration tube at maximum speed. 



1 



1 



3. An atomizer according to claim 1 including an atomizing chamber 
generating turbulence in the mixture flow betvN een the outlet and the exit gap for further 
atomizing the liquid entrained in the mixture. 



1 



4. 



An atomizer accordinu to claim 3 includimz a resonant caviiv in the 



housing located on a side of the aiomiznig chamber opposite the outlet, the resonant 
cavity having an open end communicating with the atomizing chamber and in substantial 
alignment with the outlet. 

5. .Ail atomizer according to claim 4 wherein the exit gap extends 
from the atomizing chamber non-parallel to the acceleration tube. 



6. An atomizer according lo claim 1 including like pluralities of sidc- 
by-sido. spaced-apan acceleration tubes and associated liquid conduits. 



■4 
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An aionu/cr accoalinb* viaiin 0 incliuiinv^ an aioiuiziiiL' chamber 
in ruiiti eommunieaiion wiih ihe oiuicis ofihc acceicraiion lubes lor iiiienninglinu Uic 
gas liquid mixiure Hows from ihc acceicraiion uibes: ami wiiercin ihe exii gap is m iIukI 
comnumieaiion with the aiomizing chamber Tor discluugmg liw miermiuglcd nuxiure 
(lows 10 llie cMcrior of ihe iiousiny. 



1 S. An atomizer according to claim " wherein the cxil gap is defined 

2 by opposing, spaced-aparl housing walls, and wherein the shear steps are Ibrnied on the 
housing walls. 

1 9. An atomizer according to claim S wherein the liousing has a 

: longitudinal axis, and wherein the exit gap extends ox er al least a portion of an are about 
the housing axis. 



1 10. An atomizer according to claim 9 wherein the exit gap extends 

2 over an arc ofal least about 90"^. 

1 II. An atomizer according to claim 1 0 wherein the exit gap extends 

2 over an arc of 360". 

1 12. An atomizer according lo claim 9 including a multiplicity of 

2 acceleration tubes substantially evenly distributed over the are of the exit gap. 

1 13. An atomizer according lo claim 8 including a resonant cavity for 

2 each acceleration lube, each resonant cavit\ being located in substantial aligniiieni with 

3 the corresponding acceleration tube outlet on the side of the atomizing chamber opposite 

4 the outlet. 

1 14. An atomizer according to claim 1 3 wherein a distance between the 

2 resonant cavity and the associated acceleration tube outlet is in the range of about J5 to 

3 about 1 .25 limes a diameter of the acceleration tube. 

1 15. An atomizer according to claim 1 3 wherein each cavity has a depth 

2 in the range of beiwcen about ."5 to about 1 .25 the diameter of the acceleration tube. 

1 16. :\n atomizer according to claim 1 3 wherein each resonam cavils 

2 has a depth siibsiantially equal to a diameter of the associated acceleration tube. 



1 
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1 1 An aioini/cr for aiomizinv: a liquid comprising a housing lia\ iny a 

2 longitudinai axis, a liquid chamber siibsiantially aligned wiih ihe axis and an annular gas 

3 chamber subsianiially concentrically posiiioncd relative le^ ihe liquid chamber: a pluralii>' 
-4 of gas acceleration tubes each extending in n downstream direction from the gas chamber 
5 to an outle: end of the tube and including an iipstreaiii section extending from the gas 

0 chamber :ind con\ crging towards the outlet, and a downstream section tluidly coupled to 
the upstream section, ending in an acceleration lube outlet and having substantially the 

S smallest diameter of the acceleration tube; an annular atomizinu chamber in fluid 

9 communication with ail outlets of the acceleration lubes; a resonant cavity for each outlet. 

10 each resonant caviiv beinsi in substantial alisnmeni with an associated acceleration tube 

i 1 outlet and located on a side of the atomizing chamber opposite the associated outlet; a 

12 continuous, arcuate exit gap in fluid communication with the atomizing chamber and 

13 extending to an outside of the housing, the exit gap being defined by opposing walls of 

1 4 the housing which include a plurality of successive, spaced-apart shear steps facing the 

1 5 gap; and a liquid conduit for each acceleration tube extending obliquely with respect to 

16 the acceleration tube from the liquid chamber to the downstream section of the tube; 

1 7 whereby liquid from the liquid chamber is entrained in and partially atomized in the gas 
1 S flow to the acceleration tubes to thereby form a gas/liquid mixture which is further 

10 atomized in the atomizing chamber as a result of turbulence therein, and which is still 

20 further atomized as the mixture flows from the atomizing chainber tlirough the exit gap as 

2 1 a result of contacts with the shear steps. 

1 1 8. An atomizer according to claim 1 7 wherein the exit gap extends 

2 over an arc relative to the axis of the housimz of at least about 90°. 

1 1 9. An atomizer according to claim 1 7 wherein at least one of the 

2 housing walls defining the exit gap is scalloped in a circumferential direction. 

1 20. A}^ atomizer according to claim 1 7 wherein the liquid chamber is 

2 an annular chamber disposed concentrically about the housing axis: wherein the gap. the 

3 chamber, the acceleration tubes, the atomizing chamber, the resonant cavities, and the exit 

4 gap, including the shear steps, fonn a first liquid aiomization set: and wherein the housing 

5 includes a second atomization set comprising the same elements as the first atomizaiion 

6 set. including a second gas cliamber conceniricalK' positioned relative to the liquid 
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chamber in tluia cominuiiiculion wiih the iiquid ciianibcr lo ihcivby double ihe liquid 
S aloiui/alion capacity of ihe aioniizcr. 

I 21. An aioini/ev accordini; lo claim 1 " wherein ihc exii gap is oricnicd 

?. non-narallel lo ihe housinu axis. 

1 22. An aiomizcr according lo claim 20 including a niounling sot for 

2 supporiing the atomizer and llowing the fluid and the gas from respective sources al least 
panially non-parallel lo llie gas chamber and ihe fluid chamber. 



1 23. A mclhod for aiomi/ing a liquid Howing ai a \ ariable rate 

2 comprising the steps of forming a plurality of subsonic, separate gas streams ha\ mg a 

? substantially constant subsonic flow rate and a substantially constant pressure; enirainmg 

4 a liquid in each gas stream lo form a gas. Hquid mixture in which the liquid is only 

5 partially atomized; turbulenlly intemiingliug the separate gas streams in an atomizing 

0 chamber to thereby further atomize the liquid; directing the mixture from the atomizing 
chamber to an exterior of the atomizer by contacting the mixture with a plurality of 

S serially airanged shear steps as it flows from the atomizing chamber to the exterior to 

9 thereby fully atomize the liquid prior to the discharge of the mixture from the atomizer; 

1 () and modulating the rate at which the liquid is entrained in the gas streams while 

1 1 maintaining the gas stream flow rale and the gas pressure substantially constant to thereby 

1 2 concspondingly modulate the rale at which atomized liquid is discharged to the exterior. 



I 



1 



24. A method according to claim 23 including supplying gas for the 
gas streams at a pressiu e in a range of between about 12 PSIG to about 25 PSIG. 

25. A method according lo claim 24 including supplying the gas at a 
pressure in the range between about 20 PSIG to about 25 PSIG. 

26. A mclhod according to claim 24 including supph ing liquid for the 
entraining step ai a pressure of more than about 25 PSIG. 

27. A method according to claim 26 including supplying the liquid at a 
pressure in the range of between about 50 PSIG to about 100 PSIG. 
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«S. A meihod according lo claim 23 wherein ihc slop ofmodulaling 
comprises ilie sicp of modulating ihe pressure ofihe liquid heing cniraincd in eacii gas 
stream over a ran^ie ofbotwcen about 5*) PSKj lo about K.K) PSIG. 

2s>. A method according to claim 23 wherein the step of directing the 
mixture llow to the exterior of the aiomizer comprises diverting the mixture to How I'rom 
the atorni/ing chamber in a direction noivparalici to the direction of the subsonic gas 
streams. 

30. A method according to claim 23 wherein the step ot modulating 
comprises varying the rate at which the liquid is entrained in the gas streams over a range 
of more than about 10: ! . 

31. A method according to claim 30 wherein the step of modulating 
comprises vann ing the rate at which the liquid is entrained in the gas streams over a range 
of at least about 25:1. 

■ 

32. A method according to claim 31 wlierein the step of modulating 
comprises var>'ing the rate at which liquid is entrained in the gas streams over a range of 
at least about 50:1. 

33. A method according to claim 23 uherein the entraining step 
includes controlling the respective liquid and gas streams so that the mixture has a mass 
of no more than about 3 Ibs/cuft. 

34. A method accordinu to claim 33 includins controlling the 
respective liquid and gas streams so that the mixture has a mass of no more than about 
1.1 1 lbs/cult. 
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